Abstract. The synchrotron-based reflectometer at beamline 6.3.2 of the Advanced Light Source (ALS) in Berkeley is an important metrology tool within the current Extreme Ultraviolet Lithography (EUVL) program. This program is a joint activity of three National Laboratories and a consortium of leading semiconductor manufacturers. Its goal is the development of a technology for routine production of sub-100 nm feature sizes for microelectronic circuits. Multilayer-coated normal-incidence optical surfaces reflecting in the Extreme Ultraviolet (EUV) spectral range near 13 nm are the basis for this emerging technology. All optical components of EUV lithographic steppers need to be characterized at-wavelength during their development and manufacturing process. Multilayer coating uniformity and gradient, accurate wavelength matching and high peak reflectances are the main parameters to be optimized. The mechanical and optical properties of the reflectometer at ALS beamline 6.3.2 proved to be well suited for the needs of the current EUVL program. In particular the facility is highly precise in its wavelength calibration and the determination of absolute EUV reflectance. The reproducibility of results of measurements at ALS beamline 6.3.2 is 0.2 % for reflectivity and 0.002 nm for wavelength.
INTRODUCTION
Multilayer reflective coatings for the EUV spectral range have been under development at Lawrence Liver-more National Laboratory (LLNL) for more than 10 years. Initially the high-precision characterization of their reflective properties was performed at the radiometry laboratory of Physikalisch-Technische Bundesanstalt (PTB) at BESSY in Berlin"2'3. In 1996 the standards and calibration beamline 6.3.2 at the Advanced Light Source (ALS) in Berkeley4 became available and has been used to characterize LLNL EUV multilayer coatings. Today the EWL program utilizes up to 50% of the available beamtime for multilayer characterizations at ALS beamline 6.3.2.
High precision reflectometry provides important data for the manufacturing of components for Extreme Ultraviolet Lithography. Several areas of the EWL program make use of the unique features of beamline 6.3.2: MO/Be multilayer development5, radiation stability assessment6, optics coating718*', mask blank development", as well as the qualification of patterned masks". Utilizing ALS beamline 6.3.2, significant progress has been made on general aspects of the development of multilayer reflective coatings12Y13. In particular the temporal stability, normal incidence reflectance and stress of multilayers for EUVL have been investigated. This early phase was followed by the manufacturing phase of optical components for the Engineering Test Stand (ETS) prototype EUVL tool. The manufacturing phase required a dramatic increase in the quantity of data obtained at ALS beamline 6.3.2, while maintaining its quality on the same high level as achieved earlier. Another new requirement was the appropriate timing of the delivery of samples to the beamline and the return of data from the beamline. ALS beamline 6.3.2 served the needs of the EUVL program to the fullest extent.
EXPERIMENTAL Beamline Features
The details of ALS beamline 6.3.2 are thoroughly described elsewhere4. High spectral purity of the radiation delivered is obtained with a 3-mirror higher order suppressor. High resolution and high throughput of the beamline is achieved with a VLS-PGM monochromator. Pump down times are on the order of 20 minutes due to the use of a cryo pump in combination with a differentially pumped section near the monochromator. Samples ranging in size from a few millimeters to 200 mm in diameter and weighing up to 10 kg can be routinely positioned relative to the EUV beam with a spatial precision of 0.1 mm and an angular precision of 0.01". For this purpose two rotational stages and a variety of fixtures are available. Finally, raw data obtained with a LabView program running on a SUN workstation can be immediately processed on a beamline PC using EXCEL and IDL routines.
Experimental Procedures
Any precision manufacturing of EUVL components involving multilayer reflective coatings requires reliable feedback on the result of a particular process step. Multilayer coating uniformity and gradient, accurate wavelength matching and high peak reflectances are the main parameters to be optimized. These parameters are important for high EUV transmission and for the preservation of.the optical wavefront in the final EUVL optical system. In order to enable quick convergence of the above mentioned iterative feedback loop, all experimental procedures at ALS beamline 6.3.2 are especially designed for a short turn-around time and high reliability of the data.
Typically reflectance curves are manually measured near the center of the samples. However, for the determination of profiles, automatic scans across the sample surface are performed. At each point of a scanned region full reflectance curves are obtained and the peak reflectance, peak position and bandwidth are determined. Other experimental modes include the spatial mapping at a fixed wavelength.
Measurement Precision
Much effort has been made to ensure the accuracy of the data obtained at ALS beamline 6.3.2 and at PTB's SX700 beamline. Since both beamlines derive their calibration from first principles independently, comparison experiments between the two beamlines were performed in 19964. Although this comparison already yielded satisfactory agreement for reflectance and wavelengths, it still appeared desirable to repeat measurements at both facilities. Results on a graded standard Mo/Si multilayer reflective coating deposited at LLNL are summarized in table 1. The wavelength gradient on the order of 0.002 nm/mm along the y direction is consistently revealed in measurements at both facilities. Both data sets deviate systematically by only 0.001 nm. PTB data is derived from the calibration certificate'4 issued for measurements performed on sample Ml9804 16 A-B.
Reflectance values on a number of samples were recently found to be consistently within 0.2 % when measured at both facilities. However, a newly cleaved piece of reference coating M1960821A2 this time yielded 66.4 % at PTB, while later 66.1 % were obtained at the ALS. This is the opposite of earlier reported 66.1 % for measurements at PTB and 66.5 % for measurements at the ALS. The conclusion is that this sample suffers from surface contamination during repeated handling as a reference sample. Lower values are consistently achieved after repeated use. Already a monolayer of surface contamination may cause a reflectance loss on the order of 0.5%.
